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Introduction.

In recent years polybrominated diphenyl ethers (BE8have emerged as a subject of great
concern, because of their increasing levels in manabiquity in all environmental compartments,
especially indoors, and endocrine disruptor pregeDarnerud. 2003). PBDEs have been used as
flame retardant additives in a variety of plasbagsumer products over the past two decades. Itiggac
only a few of theoretical 209 PBDE congeners arpleyed in the commercial BDE formulations,
which are named on the basis of average brominddiei — penta-, octa-, and decaBDE, respectively.
The Penta mixture contains mainly BDE 47, 99,10t wmaller contributions from BDE 28, 153 and
154; the Octa mixture contains BDE 153, 154, 188enthe Deca mixture consists mainly of BDE 209
(LaGuardia et al.2006). The Penta mixture was asedlflame retardant for polyurethane foams in
carpet underlays, vehicle interiors, furniture #eddings. However, this mixture was sometimes also
used in computer circuit boards until the mid-1990% Octa mixture was added primarily to
thermoplastics such as high impact polystyrene.Ddea mixture is used in plastic housings for
electrical goods such as TVs and computers, asawét textiles (Alaee et al. 2003). The highesDEB
levels were detected in indoor samples, hamelyst, @t concentrations which were often 50-fold
higher that those reported for the outdoors. Tihidifig suggests their sources to be household ptedu
and materials (Rudel et al.2003). PBDEs can accamminh dust from various pathways, including
vaporizing from products, transport of soil pagilnd aerosols from the outdoor to the indoor
environment.

The occurrence of PBDEs in Poland have not beeahestwntil very recently. There are only
scarce information about levels of PBDEs in hum@asaczewska et al. 2006), leachate from landfills
(Czerwinski et al. 2007) and household dust (Staszowskh 2008). Under Polish conditions, PBDEs
have been never produced and there is no produatimantly. Hence, the only sources of these
compounds in the indoors may be emission fromHetsimported products.

The aim of this study was to monitor and compaedélels and distribution of selected PBDE
congenergommonly used in technical pentaBDE and octaBDEumés (BDE 28, 47, 99, 100, 138,
153, 183) present in dust in a varietydifferent indoor environments.

Materialsand M ethods.
Sample collection

Atotal of 30 indoor dust samples were colledtech residential homes (n=20), offices (n=6),
computer repair facilities (n=2), and shops witktcélonic devices (n=2), in different districts witthe



Lublin area during January to May 2009. Lublin igits of ca. 400 thousand inhabitants, situated in
South-Eastern Poland. Dust was collected from tis¢ lolag of the vacuum cleaners. Then, samples
were passed through a 125 stainless sieve to obtain a suitable degree wiblgeneity.

Chemicals

All chemicals used for PBDE analysis were of highity. Toluene and dichloromethane
(Ultra-Resi Analysed) were purchased from T.J. B&&ermany). PBDE analytical mixture standards
series BDE-CVS-F containing BDE 28, 47, 85, 99,, (8B, 154, 183 congeners, as well as mass
labeled {°C) PBDE recovery solution BDE-MFX containing BDEL7and 138L were obtained from
Wellington Laboratories (Ontario, Canada). Addiibstandard solutions of native PBDE containing
BDE 28, 47, 85, 99, 100, 153, 183 congeners wetarda from Wellington Laboratories and from
AccuStandards (mixture M-527 BDE).

Analysis of PBDEs

The dust was extracted with toluene in a Soxhlpaggtus for 16 hours in a dark room. The
extract was evaporated under a nitrogen streanthemdthe solvent was changed to dichloromethane.
Further purification was performed using size egidn chromatography (SEC) (Brezee 1525, Waters).
Quantification of target BDE congeners was donaguttie Trace Ultra — Polaris Q GC-MS system.
Parameters of the system are presented in Table 1.

Table 1. The operating conditions of GC/MS system.

GC TRACE ULTRA

Injector PTV (splitless mode) @ 3ZD

Capillary column RTx Dioxin (Restek) 60m x 0.25mp@18um

Oven temperature programming °85(0.5 min hold) ramp Pfmin to 216C then ramp %min to
32C¢°C, 20 min hold

Carrier gas He (99,9996%) @ 40 cm/s

MSPOLARISQ

The ion source temperature 260

The transfer line temperature 25

Scanning mode I: Full Scan 50.0 - 850.0 amu

Collision gas He (99,9996%) @ 2 ml/min

Scanning mode I SIM: guantitation ion and (queli§)

Tri-BDE (28) 406 408 (246, 248)

Te-BDE (47) 486 (484, 488, 326)

Pe-BDE (99, 100) 564 (566, 406, 404)

Hx-BDE (138, 153, 154) 643 (645, 484, 482, 186)
Hp-BDE (183) 723 (725, 562, 564)




Results and Discussion.

Congener distribution and PBDE concentration datall sampling places in this study are
summarized in Table 2. PBDE concentrations whiclousad were higher than previously reported by
us for smaller group of Polish indoor sets{) which we examined in 2007 (Staszowska et aB200

Table 2. Concentrations of PBDE congeners [hdugt] measured in indoor dust samples.

sampling  number of tetraBDE pentaBDE hexaBDE
place samples 28 47 99 100 153

min max min max min max min  max min max

homes n=20 <dl 8.7 5.1 96 <dI 74 <dl 59.7 <d 214
offices n=6 2.4 294 74 111 5.8 49 5.1 33 6.3 247
computer
repair n=2 257 41.3 18.7 544 7.1 179 19.2 155 5.9 46
facilities
shops n=2 323 276 14.6 96 6.2 75 54 769 6.6 344

In most samples, congeners of the two commerci@llPBixtures have been detected with the
biggest contribution of pentaBDE one. The highesicentrations have been measured for BDE 47, 100,
99, 153 and 28, respectively. The most contaminaye@dBDE indoor environments were computer
repair facilities and shops with electrical deviddsreover, obtained in our study PBDE concentretio
in household and office dust samples were lowar tladues reported in the literature (Sjodin et al.
2008; Takigami et al., 2009; Toms et al. 2009)imilar (Gevao et al.2006; Tan et al. 2007). Diffezes
in PBDE concentrations between our study and attuglies may reflect mainly differences on the scale
of PBDEs usage. In Poland, PBDEs are not producdahat so widely distributed as inorganic flame
retardants. Large amounts of electronic appliaaceshowever, imported from countries in which
PBDEs are added to polymers. In turn, the diffeesrmetween PBDE levels in household dust could be
related to the differences in point sources initide@or environment (e.g. EE appliances, textiles).

The prevalence of lower brominated PBDE congeimeesllected dust samples may results from
DecaBDE photodegradation as well.

Conclusions.

Despite never having produced in Poland, congesfgrenta- and octaBDE commercial mixtures, have
been found to occurre ubiquitly in number of Polisthoor environments. Levels of target analytes was
substantially lower than those reported in literatdrurther investigations are needed to estinh&te t
exposure for Poles.
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